Initial experiments involving mouse development employed single IP injections of 45 mg/kg sodium arsenate on one of days 6-12 of gestation and produced a spectrum of developmental defects. Embryotoxicity was indicated by high prenatal mortality and decreased fetal weights. A chelating agent, 2,3-dimercaptopropanol (BAL), was then employed in an attempt to alleviate the adverse effects of prenatal arsenate. BAL was administered 4 hr before, concurrently with, or 4 hr after arsenate. All BAL treatments diminished arsenate-induced gross malformations and growth retardation; the concurrent treatment alleviated skeletal malformation. Injection of rats IP with arsenate has also been reported to result in teratogenicity, including renal agenesis. Further reports indicated that 40 mg/kg arsenate administered to mice by gavage on days 9-11 increased prenatal mortality, reduced fetal weights, and was associated with minor malformations. According to our recent work, however, single oral doses of arsenate must be around 120 mg/kg to cause prenatal toxicity. Multiple doses of 60 mg/kg on 3 days had little effect. Sodium arsenite has also been found to be fetotoxic and teratogenic. Such effects were seen at IP doses of 10-12 mg/kg.
Introduction
Although both man and domestic animals may be exposed to a variety of arsenic compounds, only a few such compounds have been investigated with regard to possible prenatal effects. The initial work describing embryotoxic and teratogenic effects was done with chicken embryos by Ancel (1) , who used disodium methylarsenate, and by Ridgeway and Karnofsky (2) , who tested various arsenic salts. Most subsequent reports have dealt with effects of arsenic in the hamster, as discussed by Ferm at this conference (3) , and in the mouse and rat, which are the subject of the balance of this report.
Materials and Methods
For all experiments done in our laboratory, random-bred albino Swiss 
Results and Discussion
Our initial work with arsenic (5) involved IP injection of mice with 25 or 45 mg/kg sodium arsenate on one of gestation days 6-12. Treatment at the lower dose level had no discernible effect, but the high dose caused increased prenatal mortality, decreased fetal weights, and a spectrum of gross and skeletal abnormalities ( Table 1 ). Some of the major defects observed and their relative frequencies are listed in Table 2 . Such results are indicative of a "Control mice were injected with distilled H20 on one of gestation days 6-12. general rather than a specifically acting teratogen, as the anomalies seen involve a wide variety of developmental defects.
Frequent exencephalies and eye and rib malformations similar to those in the mouse have also been seen in the hamster (6) , but in the rat, according to Beaudoin (7), arsenate produced a preponderance of skeletal defects along with renal agenesis and anophthalmia, and only a relative few exencephalies. An additional study (8) was done with arsenate to determine if the chelating agent, BAL, could protect against the prenatal effects of arsenate. As can be seen in Table 3 , results of arsenate treatment alone were similar to those previously discussed (5) . BAL alone had no significant adverse effects, although at the much higher dose of 1200 mg/kg, BAL has been reported (9) Environmental Health Perspectives appreciable degree of in i1ito interconversion between arsenate and arsenite, the arsenite could be continually removed as it is produced, having the effect of decreasing the arsenic levels present in the system.
A study involving the IP injection of sodium arsenate in pregnant rats has been reported by Beaudoin (7) . Treatment of Wistar rats on one of gestation days 8-13 with a dose of 50 mg/kg invariably resulted in embryonic mortality. A dose of 20, 30, or 40 mg/kg caused increased mortality as well as developmental defects. Burk (10) , from the same laboratory, reported on the apparent causation of the urogenital agenesis seen by Beaudoin. She noted a failure of the mesonephric duct to connect with the cloaca, as well as degeneration of the metanephrogenic blastema.
In yet another study involving the rat, Kimmel and Fowler (personal communication) found no adverse effects on development following administration of 30 or 90 ppm sodium arsenate or arsenite to the dams in the drinking water throughout pregnancy. The dams were killed and examinations made on gestation day 21. Additional preliminary work in our laboratory has involved a comparison of the developmental effects of IP versus PO sodium arsenate in mice. Our initial results indicate that single doses of at least 120 mg/kg PO must be used to obtain adverse prenatal effects. Typical results for treatment on day 9 or 10 are shown in Table 4 , in comparison with a similar group treated with 40 mg/kg IP. Maternal death rate was similar for both treatments, indicating similar levels of toxicity to the dam. Administration of arsenate I P had a considerably greater effect (8) . A much lower level of malformation, however, was seen in the orally treated groups. OUI-results with orally administered sodium arsenate are in apparent conflict with those of Matsumoto (ii), who treated pregnant ICR mice on days 9, 10, and II with 10, 20, or 40 mg/kg sodium arsenate and examined them on day 18. He reported increased prenatal mortality and decreased fetal weights in the high dose group. In the groups given the 10 or 40 mg/kg doses, a low rate of malformations was also seen (6 and 4%, respectively) . Since the number of litters involved was not stated, it is difficult to assess the significance of Matsumoto's findings.
Although arsenite is considerably more toxic than is arsenate, it has received much less attention from teratologists. We treated mice in iuter(o with I P injections at dose levels of 10 or 12 mg/kg on one of days 7-12 of pregnancy (12) . Arsenite treatment resulted in relatively high prenatal mortality, as well as some maternal deaths (Table 5 ). Treatment on days 8, 9, or 10 induced both gross and skeletal malformations partially similar to but less numerous than those caused by comparably toxic levels of arsenate. Fetal wastage caused by exposure to arsenite was increased in comparison with the level previously seen (5) due to arsenate. According to the previously discussed results and uinpublished data from our laboratory, it appears likely that acute high dose exposure to arsenate is relatively more hazardous to developing mammals than is chronic exposure to only slightly lower daily doses. If this proves to be the case, the most probable cause lies in the pharmacokinetics involved. Although the pharmacokinetic aspect of the prenatal effects of arsenic exposure is yet to be investigated, it promises to provide interesting answers to the questions posed by differences in effects associated with different routes and modes of exposure. Another aspect of the problem involves the basic cause for the apparent differences in effect between arsenate and arsenite with regard to malformation versus prenatal mortality. This difference would presumably be due to differing mechanisms of action (13) , but pharmacokinetics may play a role here also. Possible postnatal effects of prenatal arsenic exposure are completely unknown. Answers to the problems thus posed would provide an additional basis for assessment of the potential influence of arsenic on human development.
